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The 16 test sections of asphalt containing rubber were constructed as part 
of a primary highway project in southeastern Utah. The experiment con
sists of 5 facto rs at 2 levels, each incorpor ated in a one -half replicate of 
a 25 fractional factorial experiment. The design provides the basis for de
termining the effect of each of 5 factors and each of 10 two-way interac
tions on pavement construction, performance, and design. The effect of 
each variable was determined for the construction process, and an initial 
evaluation was made. A description of the construction process, includ
ing the rubberizing process, is given. Evaluation is continuing through 
many observations and physical tests on the pavements and paving mate
rials. Failure rate of pavements will be accelerated by the reduction of 
half the design thickness. The design provides a sound method of analy
sis and offers a definite basis to determine which factors and interactions 
are significantly affecting pavement performance and design. 

•THIS PAPER DESCRIBES the experimental design, construction, and initial evalua
tion of test sections of asphalt containing rubber constructed as part of a federal-aid 
primary highway project. This experiment will provide data to evaluate all of the main 
effects of 5 factors involved and the first order interactions among them. The labora
tory and field tests of the field experimental test sections will be relied on to deter
mine the following: 

1. The significant relationships among the performances under actual traffic of reg
ularly designed and constructed specification asphalt pavement when the paving mixture 
is varied by asphalt content, viscosity, and addition of synthetic rubber; 

2. The effect that varying the thickness of surface and base course to half the full 
design thickness has on the material properties, asphalt content, viscosity, and rubber 
additive, and also on pavement performance; 

3. Whether any interaction of the 5 factors with each other is related to aspects of 
pavement performance and design; 

4. The value of physical tests, such as the dynaflect deflections and asphalt proper
ties, on the performance of the pavements and the significant correlations, if any, among 
these many tests; 

5. Estimates of statistical parameters for the various tests and material properties; 
6. The significant trends and results that will be helpful in future highway design and 

pavement evaluations; 
7. The relation of the thermorheological properties of the pavement at various time 

periods to pavement performance and design; and 
8. The significant relationships among the number of equivalent 18-kip axle loads, 

which were calculated from regular traffic loadings, and the main factors and interac
tions involved in the experiment. 

Paper sponsored by Committee on Mechanical Properties of Bituminous Paving Mixtures. 
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TABLE 1 

FACTORS AFFECTING PAVEMENT PERFORMANCE 

Factor Symbol Level Value 

Synthetic rubber solids in +S High 3 percent by weight of asphalt 
rubber-asphalt compound -s Low 0 percent 

Kinematic vis cosity of +V High 85 to 100 penetration grade, 
asphalt 292 centistokes at 275 F, 

1,326 stokes at 140 F 
-v Low 85 to 100 penetration grade, 

199 centistokes at 275 F, 
719 stokes at 140 F 

Rubber-asphalt compound +C Rich 1. 1 x design percentage or 
in paving mixture 6. 48 percent 

-c Lean 0. 9 x design percentage or 
5. 24 percent 

Thickness of asphaltic +T High 1. 0 x design or 6 in. 
surface course -T Low 0. 5 x design or 3 in. 

Thickness of untreated +B High 1. 0 x design or 4 in. 
granular base course · D Low 0. 5 x design or 2 in. 

EXPERIMENTAL DESIGN 

Based on findings of the first phase of a rubber-in-asphalt program of study, 5 fac
tors were selected as representing the minimum number that significantly affect the 
strength, quality, and performance capability of an asphalt pavement. These are given 
in Table 1. A designed experiment (3), described as half replicate of a 26 factorial, 
was set up and required only 16 treatments or test sections. The chief advantages of 
a factorial experiment are that (a) the main effects of each factor may be determined 
from the response data measured in each test, and (b) the interactions of each factor 
with another will be disclosed in the analysis of such data. The latter is usually not 
possible in the traditional way of testing. The experiment of 5 factors in 16 treatment 
combinations makes it possible to measure all the main effects and the 10 interaction 
effects of the 5 factors. The 2 levels of each factor are indicated by minus and plus 
signs for low level and high level respectively. Table 2 gives the levels of the 5 factors 
present in each of the 16 test sections, the main effects, and the interactions. 

The effect of the factor is the change in response produced by a change in the level 
of a factor; i.e., the effect is the difference between the average response of all tests 
carried out at the first level of the factor {-) and that of all tests at the second level { +). 

TABLE 2 

SUMMARY OF FACTORS AND THEIR LEVELS, 
EFFECTS, AND INTERACTIONS 

Test Treatment 
Section T 

12 1 
11 (C)T + 
10 (C)B 

9 TB + 
13 (C)S 
14 TS + 
15 BS 
16 (C)TBS + 

4 (C)V 
3 TV + 
2 BV 
1 (C)TBV + 
5 sv 
0 (C)TSV + 
7 (C)BSV 
8 TBSV + 

Levels 

B s v 

+ 
+ 

+ 
+ + 
+ + 

+ 
+ 

+ + 
+ + 

+ + 
+ + 

+ + + 
+ + 

c 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

Main Effects 
and 

Interactions 

I 
T 
B 
TB 
s 
TS 
BS 

- CV 
v 
TV 
BV 

-cs 
SV 

-CB 
-CT 
-c 

If the effect of one factor depends on the 
level of another factor, the two are said 
tO interact:--A set of leve s of allf actors 
employed in a given test section is a treat
ment; for example, section 1 comprises a 
given treatment. 

Project La;yout 

A typical cross section of the roadway 
is shown in Figure 1. The test sections 
are 150 ft in length with transitions be-
tween groups of four. This was for the 
convenience of construction only. The 
center 100 ft of each test section was 
used as the official section to avoid any 
end effects. From the data given in 
Table 2, the components of all 16 test 
sections can be determined. 

The full and experimental pavement de-
sign was as follows: 
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Item 

Bituminous surface (T) 
Untreated base (B) 

Total 

10' 12' 
Sh, I Trolflc Lano 

T"BITUMINOUS SURFACE COURSE 

B" UNTREATED GRAVEL BASE COURSE 

Full 
(in.) 

6 
4 

10 

Experimental 
(in.) 

3 
2 

5 

12' 10' I 'Trot fie Lano ' I Sh. 

CATALYTIC 
ASPHALT MEMBRANE 

Figure 1. Typical cross section of roadway. 

CONSTRUCTION AND MATERIALS 
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The test sections were constructed on a 7-mile project of which the test sections 
comprised about 4,000 ft. Construction was started in March 1968 and completed in 
August 1968. The test sections were constructed in phase with the rest of the project. 

The sequence of construction was as follows: The natural ground was cleared and 
compacted. The subgrade was placed and compacted in layers. A summary of the 
physical characteristics of the subgrade are given in Table 3. An MC-7.0 prime coat 
was sprayed on the sUbgrade after final compaction in preparation for the catalytically 
blown asphalt membrane (penetration 50 to 60) that was then Sprayed on the subgrade. 
The base gravel course was then placed to required thickness, compacted, and sprayed 
with MC-70 prime coat. A summary of the physical characteristics of the base gravel 
is given in Table 4. 

Construction of the asphaltic concrete surface demanded a great deal of planning and 
careful procedures. Construction involved 8 different mixture combinations in 2 thick
nesses for 16 different roadway sections each 150 ft long. 

Asphalt Properties 

During construction of each test sec
tion the asphalt in the storage tank was 

TABLE 3 

PHYSICAL CHARACTERISTICS 
OF SUBGRADE MATERIAL 

Characteristic 

Plasticity index 
Liquid limit 
Percentage passing No. 200 sieve 
Dry density (AASHO T-99D), lb/cu ft 
Optimum moisture (AASHO T-99D), 

percent 
R-value at 300 psi exudation pressure, psi 

Amount by 
AASHO Soil 

Classification 

A-6 A-4 

13 5 
32 21 
59 62 

112.2 121.6 
16.0 11.5 

22.0 

TABLE 4 

PHYSICAL CHARACTERISTICS OF BASE 
GRAVEL MATERIAL 

Characteristic 

Absorption (AASHO T-84 and T-85), percent 
Abrasion L.A. machine (AASHO T-96), percent 
Fractured !ace count (USDH 8-929)'1, percent 
Soundness (AASHO T-104), percent 

-4 material 
+4 material 

Specific gravity (AASHO T-84 and T-85) 
-4 material 
+4 material 

Liquid limit (AASHO T-89) 
Plasticity index (AASHO T-90) 
Laboratory (AASHO T-180-61) 

moisture, percent 
density, lb/cu ft 

autah State Department of Highways standard test. 

Amount 

1. 7 
27.1 
62.0 

5.47 
11. 78 

2.43 
2.63 

10 
N. P. 

6.8 
134. 7 
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TABLE 5 

PROPERTIES OF ORIGINAL ASPHALT TAKEN FROM STORAGE TANK 
AND ASPHALT RECOVERED FROM PAVEMENT MIXTURES 

Kinematic Kinematic Cannon-Cone Specific 
Viscosity Viscosity Viscosity Penetration 

Mixture 
at 140 F at 275 F at 77 F at 77 F Gravity 

(stokes) (stokes) (kilopoises) at 77 F 

+V 
Original 1,326 2. 92 619 103 1.031 
Recovered 1,611 2,98 562 84 1.030 

+V+S 
Original 2,422 12. 94 348 92 1.020 
Recovered 5,799 9.80 829 64 1.032 

-v 
Original 691 1. 99 735 95 1. 013 
Recovered 1,039 2.63 571 103 1. 014 

-V+S 
Original 1,615 7.19 497 82 1. 009 
Recovered 3,876 7.28 1,025 74 1. 015 

sampled. Samples of uncompacted mix were also taken from behind the paver during 
laydown. These samples were compacted and tested in the laboratory for rice density, 
stability, flow, density, voids, and the like. The properties of the asphalt cements 
used are given in Table 5. 

Mix Design 

The best combination of asphalt and aggregates was determined by the Marshall 
method, which is used for all mix designs in Utah. A complete mix design was made 
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Figure 2. Marshall design for low-viscosity asphalt with and without rubber solids. 
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Figure 3. Marsha ll design for high-viscosity aspha lt with and without rubber sol ids. 

for each of the 4 combinations of rubber and asphalt. The resulting graphs are shown 
in Figures 2 and 3. The optimum asphalt contents are as follows: 

Mixture 

-v-s 
-V+S 
+V-S 
+V+S 

Avg. 

Percent Asphalt 

5.3 
5.5 
5.7 
6.0 

5.6 

The average of these 4 values, 5.6 percent, was then multiplied by 1.1 and 0.9 to give 
the high and low levels of asphalt content. 

Rich mixtures = 6.2 percent, actual obtained = 6.48 percent 
Lean mixtures = 5.0 percent, actual obtained = 5.24 percent 

The mix design involves a factorial design with 5 levels of asphalt content (C), 2 levels 
of viscosity (V), and 2 levels of rubber solids (S). The factors that significantly af
fected the mix design are as follows: 

Stability-Rubber solids, viscosity, and asphalt content all had significant (0.1 per
cent level) effects on the resulting stability. High-viscosity mixtu.res showed increased 
s tability (295 lb) over low-viscosity mixtures. The average effect of r ubber solids was 
to increase stability 171 lb and to increase the maximum optimum asphalt content of the 
mix about 0.5 percent greater than the content of the -S mixtures with about the same 
stability. 

Flow-Rubber solids and asphalt content had a significant (0.1 percent level) effect 
on the flow. The flow of the +S mixture shows a marked leveling off at 5. 5 percent 
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asphalt content and greater. The -S mixes show increased flow in the usual manner. 
The effect of S was to decrease the mean flow of the mixture of 3 in. x 10- 2 less than 
that of mixtures without S. 

Density-Asphalt content (0.1 percent level) and rubber solids (5 percent level) were 
the main factors significantly affecting the bulk density of the Marshall specimens. The 
-+S mixtures showed an average density of 0.3 lb/cu ft less than that of the -S mixtures. 

Air Voids-Asphalt content (0.1 percent level), rubber solids (1.0 percent level), and 
viscosity (5 percent level) all significantly affected the air voids content. The -+S mixes 
showed an average void content of 0.6 percent greater than that of the -S mixes. The 
+V mixes showed an average void content of 0.5 percent greater than that of the -V 
mixes. 

Hot Plant 

The hot plant was a continuous-flow Barber Green plant. The rate of aggregates, 
asphalt, and rubber solids was calibrated so that proper combinations of mixtures 
would be obtained. A procedure for addition of rubber latex to the mix was suggested 
by Goodyear Tire and Rubber Company and is shown in Figure 4. The rubber latex 
flow was controlled by a calibrated slot weir. This procedure required an extra man 
to operate. Rubber was added to the pugmill directly behind the asphalt spray bar as 
shown. The procedure produced good dispersion of rubber throughout the mix. The 
rubber latex was placed in a 500-gal tank. The tank was pressurized to force the latex 
to the top of the pugmill. The synthetic rubber, obtained from Goodyear, is called 
Pliopave Latex, type L 170, and containes 70 percent solids and 30 percent water. 

Field Construction 

The surface course was compacted with a 9-ton, steel-wheel roller. Compaction 
was monitored with a Seaman nuclear density gage. Density growth curves were ob
tained for each of the 8 basic combinations of asphalt and rubber materials. Typical 
curves are shown in Figures 5 and 6 for the low-viscosity asphalt with and without 
rubber solids and for successive roller passes. The corresponding viscosity of the 
asphalt is shown below the density growU1 curve. The viscosity was determined at 
140 and 27 5 F for samples of asphalt recovered from uncompacted mixes that were 
taken from the roadway just after the paver-pass for each test section. The viscosity 
at 140 and 275 F were then plotted on standard ASTM temperature-viscosity paper. 
The viscosity at the temperature of each roller pass was determined and plotted on 
the graphs in Figures 5 and 6. 

The -+S mixtures were laid at a much higher temperature than the -S mixtures (47 F 
higher). The roller was able to roll the pavement at this hotter temperature with no 
"pie up." Viscosities or the 4 different mixture combinahons were averaged ana are 
given in Table 6. There appears to be no significant difference in viscosity among the 
mixtures at initial laying and up to 30 min after the paver-pass. 

,49' #//// - -+---,_.,_......,.___,,___,._ _ _,.___. 

Figure 4. Rubberizing process for the continuous mix 
plant. 

Utah highway department specifications 
for this project state that required density 
should be obtained before the viscosity 
reaches 5,000 centistokes (cs) as deter
mined from the viscosity tests on the 
original asphalt. Figures 5 and 6 show 
that very little additional compaction is 
obtained 30 min after laydown. The cor
responding minimum temperature at the 
5,000-cs limit is given in the last row in 
Table 6. This temperature was deter 
mined from tests on the original asphalt. 
The 5,000-cs limiting viscosity appears 
to be a reasonable limit because little ad
ditional density is obtained after this limit 
is reached. 
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TABLE 6 

AVERAGE VISCOSITIES OF RUBBER-ASPHALT COMPOUND 
MIXTURES DURING COMPACTION ON TEST SECTIONS 

5, 6, 7, AND 8 

Mixture 
Item 

+V+S +V-S -V+S -v-s 

Paver-pass 900 at 302 1,050 at 257 850 at 295 950 at 250 

Time since paver-
pass 

10 min 1,450 at 283 1,550 at 246 1,900 at 264 1,200 at 242 
20 min 3,750 at 250 2,900 at 231 4,100 at 240 3,250 at 212 
30 min 7,000 at 231 7,500 at 210 8,000 at 220 7,000 at 195 

Minimum viscosity 5,000 at 230 5,000 at 193 5,000 at 212 5,000 at 183 

Note: All amounts in centistokes at deg F. 

The asphalt cement was held at a constant temperature, and the temperature of the 
aggregate was changed when rubber was added to the mixture. To rubberize an entire 
project would require the temperatures of both asphalt and aggregate be increased to 
levels required to obtain proper compaction viscosities. 

INITIAL EVALUATION 

An initial evaluation of several important items relating to the subgrade, base gravel 
course, and asphaltic concrete surface was made. 

An analysis of the final dry densities obtained by the depth probe was made. The 
densities were highly variable ranging from 80 to 140 lb/cu ft. The results show that 
(a) the average subgrade densities are significantly different for the different test sec
tions, and (b) there is no significant difference among densities at 1, 2, and 3 ft below 
the surface. Further analysis showed that certain test sections to be overlaid with cer
tain combinations of T, B, S, V, and C have different densities. The most significant 
differences were between the sections to be overlaid with +Sand -S mixes. Subgrade 
density for the +S sections was 122 lb/cu ft and for the -S test se.ctions, 107 lb/cu ft. 
The BV and TC interactions also showed significance. This nonuniformity in subgrade 
density will undoubtedly have a considerable effect on future performance and must be 
considered in future analysis. 

Base Gravel Course 

An analysis of the r esulting densities was made . Thi ckness level of the base cour se 
was somewhat signif 'cant (5 percent level) in affecting the density. The thickness of 
the +B sections had an average dens ity of 3.7 lb/ cu ft greater than that of the -B sec 
tions. V also showed some significance (5 percent level), indicating about a 3.0-lb/cu ft 
difference in base course density of those sections to be overlaid with high- and low
viscosity asphalt. The thickness of the base course was measured at random places in 
each section. B is the only factor that showed any significance. The average thickness 
is +B = 4.05 in. and -B = 2.22 in. Samples from both lanes show no significant differ
ence in thickness, and the ends and centers of the sections are equally representative 
of thickness. Average gradations, given in Tabie 7, are within the specification limits. 

Asphaltic Concrete Surface 

Density-The final compaction of the test sections was determined from cores cut 
out of the pavement 2 weeks after construction. The analysis of variance is given in 
Table 8. The results show S and C are highly significant (at the 0.1 percent level) in 
affecting the final density of the pavements. The mean effect, which is the average 
difference of density among the different levels of the factors, of S and C along with the 



TABLE 7 

AVERAGE GRADATION OF BASE GRAVEL COURSE 
AND ASPHALTIC CONCRETE SURFACE 

Base Gravel Course Asphaltic Concrete Surface 

Sieve Percent Percent 
Specification Passing Specification Mix Design Passing 

(n= 4) (n= 24) 

'/.in. 100 100.0 100 100 100.0 
'/.in. 69 to 100 83.0 71to100 82 82.6 
No. 4 46 to 75 63.8 51 to 76 60 64.4 
No. 8 37 to 57 50 49.9 
No. 16 22 to 49 39.8 26 to 42 41 39.1 
No. 50 10 to 28 23.3 13 to 24 23 22.1 
No. 200 4 to 13 9.8 6 to 13 10 7.7 

average of the experiment can be used to obtain the average density at each level of S 
and C. 

+C = 138.2 + (4.7/2) = 140.6 lb/cu ft 
-C = 138.2 - (4.7/2) = 135.8 lb/cu ft 
+S = 138.2 + (-1.8/2) = 137.3 lb/cu ft 
-S = 138.2 - (-1.8/2) = 139.1 lb/cu ft 
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The other variance tables can be interpreted in the same way. The +C pavements 
are on the average 4. 7 lb/ cu ft denser than the -C pavements. This result is to be ex
pected within limits. The reason that the +S mixtures are less dense than the -S is not 
so apparent because the viscosities at time of compaction are the same for the +S and 
-S mixtures. The +S mixtures perhaps are stiffer because of the strands of rubber 
present. The Marshall briquettes also showed this result. The resulting average pave
ment density is 96 percent of the average laboratory briquette density. 

Asphalt Content-Asphalt content was determined by vacuum extraction of the uncom
pacted mixture and on core samples taken after compaction. Results of percentage of 

TABLE 8 

DENSITY OF lNITIAL PAVEMENT CORES 

Source Degrees Mean 
Mean Effect 

of of x 10-• Square Comments 
Variation Freedom 

(lb/cu ft) 
x 10-• 

Main effects 
T -0. l 0.0 
B 0.3 0.5 
s -1.8 12.4 Significant at 0.1 percent level 
v 0.3 0.4 
c 4. 7 89.8 Significant at 0. 1 percent level 

Interactions 
TB 1 -0.3 0.4 
TS 1 -0.2 0.1 
BS 1 0.2 0.2 
CV 1 -0.1 0.0 
TV 1 -0.1 0.0 

= 2.1, error= 0.2, df = 10 BV 1 -0.2 0.1 
cs 1 -0.l 0.0 
sv 1 -0.3 0.3 
BC 1 -0.4 0.5 
TC 1 -0.3 0. 3 

Treatments (15) 1,570.0 Significant at 0.1 percent level 
Replications 2 22.0 Significant at 0.1 percent level 
Lifts 1 0.0 
Lanes 1 6.0 
Error 124 1. 5 

Total 143 

Additional factors: n = 144, X = 138.3 lb/cu ft, 
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asphalt extracted from several replicate samples from each section show the level of 
C is highly significant (0.1 percent level) in affecting the content in the pavements. This 
is the expected result with the mean effect being +l.24 percent. The +C = 6.48 percent 
and -C = 5.24 percent. , 

Gradation-The gradations of all uncompacted and core ·samples were determined. 
The averages, given in Table 7, are within specification limits. 

Thickness-The thickness of each core cut from the pavement was determined. The 
mean effect of Twas +2.7 in. The +T pavements averaged 5.7 in. and the -T pavements 
averaged 3,0 in. The results also show that there is no significant difference in thick
ness of surface due to the lanes samples , the replications within lanes, or any other 
factor in the 16 sections except T. 

Air Voids-Air voids were determined for cores cut from the pavements. An analy
sis of variance was made on the resulting air voids and is given in Table 9. The re 
sults show that the level of C highly affects air voids. The mean effect is -5.4 percent. 
Average voids are +C = 4.4 percent and -C = 9.8 percent. The level of S significantly 
affected the air voids, the mean effect being 1.2 percent. This agrees directly with the 
resulting densities of the +S and -S sections; the +S show less density than the -S pave
ments. 

Stability-Stability of the Marshall briquettes, which were compacted out of uncom
pacted mixture, was determined, and the results of the analysis are given in Table 10. 
Rubber solids and asphalt content were both highly significant in affecting stability. The 
rubberized mixture had a stability 385 lb greater than that of the nonrubberized mix
ture. The mixture containing high-asphalt content had a stability 486 lb less than that 
of the low-asphalt content mixture. The stability of cores cut from the pavements was 
determined, and the results are given in Table 11 and summarized as follows: 

1. The eiiect uf asphalt l:unltml iis highly significant. The cor es have ope1-. cut sur
faces on the sides allowing considerable water to penetrate. +C specimens had a sta
bility 238 lb greater than that of - C specimens because of the absorption of water into 
the core specimens. When the pavements are soaked this same phenomenon may take 
place. 

2. V also shows some significance. The +V mixtures indicate an average stability 
9 5 lb greater than that of the -V mixtures . 

Source 
of 

Variation 

Main effects 
T 
B 
s 
v 
c 

Interactions 
TB 
TS 
BS 
CV 
TV 
BV 
cs 
sv 
BC 
TC 

Treatments 
Replications 
Lifts 
Lanes 
Error 

Total 

TABLE 9 

AIR VOIDS IN INITIAL PAVEMENT CORES 

Degrees Mean 
of Effect 

Fre edom (percent) 

I 0.33 
l 0. 1~ 

1 1. 15 
1 -0.20 
1 -5.38 

1 -0. 08 
1 0. 25 
1 -0.35 
1 -0.10 
1 0. 50 
1 -0.35 
l - 0. 15 
1 0. 43 
1 0.48 
1 0. 08 

(15) 
2 
1 
1 

124 

143 

Mean 
Squar e 

0.42 
0,06 
5. 29 
0. 16 

115. 56 

0.02. 
0. 25 
0.49 
0.04 
0.01 
0.49 
v.v., 
0.72 
0. 90 
0.0 

74.25 
6. 95 
0. 95 
1. 82 
0.59 

Comments 

Significant a t 1 percent level 

Significant at 0. 1 percent level 

= 3.03, error = 0.303 , df = 10 

Significant at 0.1 percent level 
Significant a t 0.1 percent level 

Additional factors: n = 144, X = 7.1 percent. 



TABLE 10 

STABILITY OF UNCOMPACTED MIXTURE COMPACTED IN 
THE FIELD LABORATORY 

Source 
of 

Va riation 

Main effects 
T 
B 
s 
v 
c 

Interactions 
TB 
TS 
BS 
CV 
TV 
BV 
cs 
sv 
BC 
TC 

Treatments 
Replications 
Lifts , top 

and bottom 
Error 

Total 

Additional factors: 

Degrees Mean 
of Effect 

Freedom (lb) 

40 
-10 
385 
100 

-486 

1 113 
1 -32 
1 · 42 
1 116 
1 53 
1 8 
1 35 
1 -9 
1 -1 
1 -7 

(15) 
2 

53 

71 

n = 72, X = 1,707 lb. 

Mean 
Square 

6,320 
400 

592,130 
39,601 

946,729 

51,30 
4,006 
7,140 

53,361 
11,130 

289 
4,830 

306 
4 

21 
514,798 

1,648 

21,559 
22,206 

Comments 

Significant at 0, 1 percent level 

Significant at 0. 1 percent level 

= 132,668 , error= 13,267, 
df = 10 

Significant at 0, 1 percent level 
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3. S did not significantly influence the stability of the cores as it did the Marshall 
briquettes. 

Asphalt Properties-Kinematic viscosity measurements were made on the original 
storage-tank asphalt. The samples representing the test sections containing rubber 
were rubberized in the laboratory. Viscosity of asphalt and rubber solids both highly 
affect the resulting viscosity of the original asphalt. Viscosity tests were also per
formed on the recovered asphalt from the uncompacted mixture samples, and Table 12 

TABLE 11 

STABILITY OF INITIAL PAVEMENT CORES 

Source Degrees Mean 
of of Effect 

Variation Freedom (lb) 

Main effec ts 
T -17 
B 4 
s -24 
v 95 
c 238 

Interactions 
TB 1 -28 
TS 1 -12 
BS 1 19 
CV 1 46 
TV 1 30 
BV 1 30 
cs 1 - 44 
sv 1 82 
BC 1 -8 
TC 1 

Treatments (1.5 ) 
Lanes 1 
Error .!2. 

Total 31 

Additional factors: n = 32, X = 435 lb. 

Mean 
Squar e 

2,211 
98 

4,465 
71,631 

451, 725 

G,441 
1,152 
2,775 

17,298 
7,442 
7,021 

15,842 
54, 120 

528 
242 

42 ,866 
66, 795 
11,890 

Comments 

Significant at 5 percent level 
Significant at 0. 1 percent level 

" 112,661, error = 11,286, 
df ~ 10 

Significant at 0. 1 percent level 
Significant at 5 percent level 



12 

TABLE 12 

KINEMATIC VISCOSITY AT 140 F OF ASPHALT RECOVERED 
FROM UNCOMPACTED MIXTURE 

Source Degrees Mean 
of of Effect 

Variation Freedom (stokes) 

Main effects 
T 1 -286 
B l -268 
s 1 'l i;no ., , ......... 
v 1 1,243 
c 1 -100 

Interactions 
TB 1 -457 
TS 1 -347 
BS 1 -300 
CV 1 428 
TV 1 124 
BV 1 284 
cs 1 -36 
sv 1 671 
BC 1 -95 
TC 1 -168 

Treatments (15) 
Heplications 1 
Error 15 

Total 31 

Additional factors: n = 32, X = 3,079 stokes. 

Mean 
Square 

655,226 
655,226 

QQ .dlll; f'l(\Q 

i2;:i54;i77 
80,300 

1,673,077 
965 ,008 
718,500 

1,463,332 
122,884 
645,532 

10,117 
3,597,232 

72,676 
224,968 

8,106,787 
4,255 

454 

Comments 

Sig!!i!i!:a.11t '.!t 0. ! p'2'r(:-:rrt !~v~l 
Significant at 1 percent level 

= 9,493,316, error = 949,332, 
df - 10 

Significant at 0.1 percent level 
Significant at 1 percent level 

gives the res'.!lts. The V and S ?.!'e highly sie;nific:rnt:. The rubber produced an average 
increase in kinematic viscosity at 140 F of 3,508 stokes. 

The results of the analysis of penetration of recovered asphalt are given in Table 13. 
R1,1bber solids produced a decrease of 11 points penetration in the original asphalt and 
24 poirits in the recovered asphalt. The high-viscosity asphalt originally showed an 
average of 7 points higher but after mixing and recovery showed about 15 points lower 
than the low-viscosity asphalt. 

Source 
of 

Variation 

Main effects 
T 
B 
s 
v 
c 

Interactions 
TB 
TS 
BS 
CV 
TV 
BV 
cs 
sv 
BC 
TC 

Treatments 
Replications 
Error 

Total 

TABLE 13 

PENETRATION AT 77 F OF ASPHALT RECOVERED 
FROM UNCOMPACTED MIXTURE 

Degrees Menn 
-- --of - £Ucci 

Freedom (Il91nts) 

l -6. 9 
1 7. 2 
I -24. 3 
1 -14.6 
1 3.4 

1 5.8 
1 3.3 
1 0. 7 
1 - 3. l 
1 1. 8 
1 0.1 
1 6.4 
1 4. 7 
1 0. 7 
1 - 5.2 

(15) 
1 
~ 
31 

Moan 
Square 

385. 03 
413. 28 

4,728. 78 
1,696. 53 

04.63 

270. 26 
87. 78 
3. 78 

75.03 
26. 28 

0. 03 
331. 53 
175. 78 

3. 70 
215. 28 
567.18 

7. 06 
n.Rn 

Significant at 0.1 percent level 
Significant at 1 percent level 

= 1,189.55, error= 118. 96, 
df = 10 

Significant at 0.1 percent level 
Significant at O. 1 percent level 

Additional factors: n = 32, X = 82 points. 
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Low-temperature ductility (39,2 F) was measured on the original and recovered as
phalt. The results of the analysis are given in Table 14, Rubber solids significantly 
affect the low-temperature ductility. Average results for the original and recovered 
asphalt are as follows: 

Original Recovered 

+S = 57 + 52/2 = 83 cm 
-S = 57 - 52/ 2 = 31 cm 

+S = 27 + 33/2 = 43 cm 
-S = 21 - 33/2 = 11 cm 

Viscos ity showed a high significance in low-temperature ductility before mixing 
(V = 89 cm); the high-viscosity asphalt averaged 89 cm higher than the low-viscosity 
asphalt. However, after mixing and recovery there was no significant difference be
tween the 2 asphalts. 

Deflection Analysis -Deflection basins were determined by means of a Dynaflect, 
which has been described in other publications (2, 4, 5). Deflection measurements 
were taken on the natural ground, subgrade, base course, and surface course. 

Ten repetitions were obtained on the natural ground. The magnitude of the basin 
for each layer is shown in Figure 7. The maximum deflection shows a definite weak
ness in surface of the natural ground due to lack of compaction. 

Deflections were made in each test section after it was completely constructed and 
compacted. The height of the subgrade was approximately 3 ft above the natural ground. 
If the subgrade was constructed uniformly, deflection among test sections would not 
significantly differ. An analysis of variance was made by using the maximum deflec
tion (sensor 1) for subgrade deflections. There was significant difference in deflection 
among test sections. Further analysis showed that the test sections to be overlaid with 
asphaltic concrete containing 3 percent rubber solids have significantly less deflection 
than those to be overlaid with asphaltic concrete without rubber solids. This effect will 
be taken into account in further analysis. None of the other factors is affected by the 
nonuniform subgrade deflections. 

The deflection results correlate well with densities obtained on the subgrade: least 
squares r egression Y = 3,13 - 0.02X, where Y = Dynaflect maximum deflection x 10-3 

in, and X = dry density determined by depth probe in lb/cu ft; standard error of the 

Source 
of 

Variation 

Main effects 
T 
B 
s 
v 
c 

Interactions 
TB 
TS 
BS 
CV 
TV 
BV 
cs 
sv 
BC 
TC 

Treatments 
Replications 
Error 

Total 

TABLE 14 

DUCTILITY AT 39.2 F OF ASPHALT RECOVERED 
FROM UNCOMPACTED MIXTURE 

Degrees Mean 
of Effect 

Freedom (cm) 

16.6 
-4.6 
33.1 

0.9 
4.0 

1 5.1 
1 15.0 
1 -6.0 
1 -2. 5 
1 2.1 
1 -1. 9 
1 5.2 
1 -0.6 
1 0.2 
1 3.0 

(15) 
1 

15 

31 

Mean 
Square 

2,192.87 
172.05 

8,761.57 
6.94 

152.69 

207. 57 
1,807. 51 

291. 01 
49. 75 
34. 24 
28. 13 

217. 88 
2. 82 
0. 20 

70. 5 
933.00 
130. 00 
115. 80 

Comments 

Significant at 5 percent level 

Significant at 0.1 percent level 

Significant at 5 percent level 
= 2,709.61, error= 271.0, 

df = 10 

Significant at 0. 1 percent level 

Additional factors: n = 32, X = 27,3 cm. 
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PROFIL{ VIEW OF DEFLECTION BASIN 

estimate Sy .x = 0.45; and coefficient of correlation = 0.90. The greater the dry density 
of the subgrade, the less is the deflection. This is in line with theory. These differ
ences in subgrade densities and deflections may significantly affect overall results ob
tained from the test sections and must be considered in future analysis. 

The base gravel course was laid in 2 thicknesses: 2 and 4 in. Deflection readings 
were taken on the base course just before the asphaltic concrete surface was laid. An 
analysis of variance was then run on the deflection results. The only highly significant 
factor affecting deflection is the thickness of base course, which is the expected result. 

Maximum deflections on the surface course are given in Table 15. The thickness of 
surface is highly significant in affecting deflections. The deflection basins of +T and 
-T surfaces are shown in Eigure-8. -The sections _with 6 .... in.-surfaces show significantly _ 
less deflection (25 percent) than sections with 3-in. surfaces. The effect of B also shows 
that the 4-in. base sections deflect 8 percent less than the 2-in. base sections. Acor
relation of the Dynaflect and Benkelman beam deflections has been made. The approxi
mate beam deflection may be determined as follows: Benkelman beam deflection {in.) = 
25 x Dynaflect maximum deflection x 10-s. Therefore, the average (1-month period) is 
as follows: 

+T = 0.652 x 10-3 
- 0.188 x 10-3/2 x 25 = 0.014 in. (Benkelman beam deflection) 

-T = 0.019 in. {Benkelman beam deflection) 

EVALUATION PROGRAM 

The experiment is scheduled to extend 2 years after construction. Some failures of 
the pavements are expected within this period. H the design thickness is cut in half on 
certain sections, the failure rate is expected to accelerate. There are 7 time periods 
when extensive testing will be performed following construction: 2 weeks {initial), 3 
months, 6 months, 9 months, 12 months, 18 months, and 24 months. At each of these 
periods, the tests and measurements will include the following: roughness, density, 



TABLE 15 

MAXIMUM DEFLECTION (ADJUSTED) ON ASPHALTIC CONCRETE 
SURFACE 1 MONTH AFTER CONSTRUCTION 

Source Degr ees Mean 

of of Effect Mean Comments 
Variation Freedom x 10-3 Square 

(in.) 

Main effects 
T 1 -0. 188 1.693 Significant at O. 1 percent level 
B l -0.053 0.136 Significant at 5 percent level 
s 1 0. 019 0. 017 
v 1 -0. 912 0.006 
c l -0.026 0.031 

Interactions 
TB 1 0.020 0.020 
TS 1 -0.029 0.039 
BS 1 0. 004 0.001 
CV 1 0.020 0.019 
TV 1 0.031 0.054 = 0.194, error= 0. 019, df = 10 
BV 1 -0. 024 0.027 
cs 1 0.004 0.001 
sv 1 -0.025 0.030 
BC 1 0.008 0.003 
TC 1 0.002 0 

Treatments (15) 0.138 Significant at 0.1 percent level 
Lanes 1 1. 005 Significant at 0. 1 percent level 
Centerline distance 1 0.145 Significant at 0. 1 percent level 
Position 2 0 
Error 172 0.005 

Total 191 

Additional factors: n = 192, X = 0 .652 in. x 10-3 

A4VEM£NT 

J' 2' 2' 

Figure 8. Average pavement deflection for surface course. 
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asphalt properties, stability of cores, deflection of pavement, thermorheologic proper
ties, condition, visual observations, and skid resistance. Time trends of all these 
variables will be reported as U1ey develop. An attempt will also be made to charac
terize the material properties of the 3 layers of the pavement. Through a comparisdn 
of the expected deflections and actual deflections, suitable design procedures will be 
developed, 

CONCLUSIONS 

Factor T had a highly significant effect on the magnitude of deflection. Pavements 
5. 7 in. thick had 25 percent less deflection than those 3 in. thick. The required pave
ment thicknesses were obtained as the analysis showed T as the only significant factor 
with +T = 5,'7 i11_. _and -T = 3 in. 



16 

The level of factor B had a significant effect on pavement deflections. The pavements 
underlaid with 4 in. of gravel base deflected 8 percent less than those underlaid with 2.2 
in. of gravel base. 

The proper thickness of B was achieved. The thick bases averaged 4.0 in., and the 
thin bases averaged 2.2 in. 

The +S mixtures produced slightly denser pavements (1.8 lb/cu ft), greater air voids 
(1.2 percent), lower penetration (24 points), greater viscosities (3,508 stokes at 140 F), 
and greater ductilities (33 cm at 39.2 F) as determined from asphalt properties recov
ered frorn the mixtures. The mix design indicated that +S mixtures could take a greater 
asphalt content (up to % percent) without decreasing the stability or increasing the flow. 
The Marshall briquettes showed that rubber increased the stability by 385 lb. 

V had a significant effect on the stability of the mix briquettes. The high-viscosity 
samples averaged 295 lb greater than the low-viscosity samples. The +V mixtures al
so had a stability 95 lb greater than that of the -V mixtures. V showed a highly signif
icant effect on the viscosities measured on the asphalt samples taken from the storage 
tank and recovered from mix samples. 

The +C mixtures showed a greater pavement density (4.6 lb/cu ft), less air voids 
(5.3 percent), and greater stability of cores (238 lb). The rich pavements averaged 
6.48 percent, and the lean pavements averaged 5.24 percent asphalt. 

The construction of the base course and surface course appears to have met speci
fications and the experimental design in every case. The resulting material variation 
also seems reasonable. 

The construction of the subgrade shows a wide range of densities and soil properties. 
This may affect the results obtained from the experiment and must be considered in the 
future. Deflections on the surface course still reflect the nonuniformity of the subgrade. 
A guud rela.Llo11ship was established bet-ween density of the su.bgrade and Dynaflcct de
flections. 

The procedure for adding rubber latex directly to the continuous mix pugmill has 
given good dispersion of rubber solids throughout the pavement. There were no addi
tional problems encountered In construction. The rubberized pavements were com
pacted about 50 F hotter than the nonrubberized pavements. 

The test sections provide good sources for sampling and testing to determine the ef
fects of the factors and any interactions between them. The test sections are also good 
sources from which to obtain valuable data related to pavement performance and design. 
The design provides a sound method of analysis and one that offers a definite basis to 
determine which factors and interactions are significant in affecting pavement perfor
mance and design. 
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